Background
Introduction
Noise is one of the most common sources of environmental stress in our contemporary society [1] . Continuous noise or acoustic overstimulation damages the cochlea structure and causes inner ear cell apoptosis, resulting in hearing impairment [2] . Noise-induced hearing loss (NIHL) has been the most recorded occupational disorder in the world, accounting for 7 to 21% of hearing loss [3, 4] . However, once NIHL occurs, few therapeutic methods would be clinically effective to date [5] . Thus, to establish a practical prediction system to individual NIHL susceptibility is necessary.
It cannot be ignored that the susceptibility to NIHL among individuals is obviously diverse; some individuals are more susceptible to NIHL than others. Several studies have suggested that this individual difference in susceptibility to NIHL is due to the diverse genetic background among individuals [6] . The genotypes or single nucleotide polymorphisms (SNPs) of some genes have been demonstrated to be related to individual NIHL susceptibility, such as SOD2 [7] , GST [8] , PCDH15 and MYH14 [9] , but these genetic variations still cannot explain all individual differences. Therefore, it is necessary to identify more NIHL-associated genes or genetic polymorphisms to further improve the genetic predictive system of NIHL.
Recent studies demonstrated that the disturbance of cellular proteostasis is critical in the development of NIHL [10] . The heat shock protein 70kD (HSP70) family, as molecular chaperones, are important for protein folding, modification, maturing and cellular normal function [11] . An increased expression of HSP70 has been found in cochlea cells under noise exposure and they further act as a protective factor in the development of NIHL [12] . What is noteworthy is that some studies indicated a close association between several SNPs in HSP70 genes, including rs1043618 [13, 14] , rs2763979 [15] , rs2227956 [14, 15] , and rs1061581 [14] (the characteristics of these SNPs are listed in Table 1) , and NIHL susceptibility, whereas no positive result for rs1043618, rs2227956 and rs1061581 was found in Yang's study [16] . For each SNP site, the conclusion in different studies is also diverse. A reason for the conflictive results is the heterogeneity among and the limitations in these studies, such as ethnicity, sample size, study design and many other factors, while meta-analysis has an advantage in assessing the heterogeneity and overcoming the limitations.
There is no meta-analysis or genome-wide association studies (GWAS) on the association of HSP70 polymorphisms with NIHL susceptibility to date. Aiming at evaluating the potential value of HSP70 variants in prediction for individual NIHL susceptibility, we focus on five reported SNPs in HSP70 genes here, perform a meta-analysis to address these conflicting results and assess whether HSP70 polymorphisms are associated with the susceptibility to NIHL. The results of this meta-analysis will provide theoretical basis for the application of the SNPs in HSP70 genes in the individualized prevention system to NIHL.
Methods

Search strategy
A comprehensive literature search was performed in the following English and Chinese databases: (1) PubMed; (2) Web of Science; (3) EMBASE; and (4) Wanfang Chinese database. The MeSH and free terms were all included in our search terms, which are listed as follows: "heat shock protein 70", "hsp70", "noise", "hearing loss", "noise-induced hearing loss" and "NIHL". 
Inclusion criteria
All studies included in our meta-analysis need to be confirmed with the following criteria: (1) independent case-control studies investigating the relationship between the SNPs in HSP70 genes and the development of NIHL; (2) studies including sufficient and definite original data (the genotype frequency of each SNP in HSP70 genes in the case and control groups) in which the odds ratio (OR) with its 95% confidential interval (CI) of each genotype at every SNP site can be calculated; (3) two independent sample sets in one study were considered as two different studies; and (4) the data in the latest publication were used when duplicate publications were found.
Data extraction strategy and quality assessment
Data in the included studies were independently extracted by three authors (S Zong, X Zeng and T Liu) with the same "Data Extraction Form". The following information was extracted from every included study: the mutation site of each SNP, first author's last name, publication year, country, ethnicity, workplace of each sample set, standard of noise exposure, diagnosis criteria of hearing impairment or NIHL susceptibility, numbers of cases and controls, and consistency with Hardy-Weinberg Equilibrium (HWE) in the control group. The linkage disequilibrium (LD) pattern (r 2 value and D' value) between SNPs in different populations was extracted from the SNAP website (http://www.broadinstitute.org/mpg/snap) based on the data from the 1000 Genome Project. The Newcastle-Ottawa scale (NOS) was used to assess the quality of each included study. The studies with a score ! 7 were considered high-quality studies. When there is conflict in the process of study selection, data extraction or quality assessment, the reviewers discussed all items until they reached consensus.
Meta-analysis
SNPs reported in two or more studies were evaluated in a meta-analysis. The association between SNPs in the HSP70 genes and NIHL susceptibility was tested by pooled OR and 95% CI. The allele (A vs. B), homozygote (AA vs. BB), heterozygote (AA vs. AB), dominant (AA vs. AB + BB) and recessive (AA + AB vs. BB) model were all applied for genotype comparison to minimize the possibility of the second type of error. The heterogeneity among the included studies was evaluated by the Q and I 2 tests. The pooled ORs and 95%CIs were calculated under the fixed-effects model for p > 0.1 and I 2 < 50%; otherwise, under the random-effects model with I 2 ! 50%. Woolf's method was applied to estimate the 95%CIs. The Z-test was applied to identify the association between the SNPs in HSP70 genes and NIHL susceptibility. We considered there was statistical significance when the overall 95% CI did not include 1 and the pvalue transformed from the Z score was less than 0.05. Sub-group analysis based on ethnicity, study quality and accordance with HWE in the controls was performed. Sensitivity analysis was applied to estimate the stability of the pooled results. Publication bias for rs1043618, rs1061581 and rs2227956 were evaluated by funnel plots and the Egger's test. For p<0.05 or a 95%CI that did not contain 0 in the Egger's test, publication bias was considered present. HWE of the genotype distribution in the control group was evaluated by the Pearson's X 2 test.
All statistical analysis was performed by Stata 13.1 software.
Results
Literature search and characteristics of included studies
Our literature selection process is presented in Fig 1. One hundred and forty-three articles were found after our primary literature search. Fifty-four articles remained for screening the title and abstract after removing repetitive records. Twenty-one articles were excluded because the studies were not about the relationship between HSP70 and NIHL. The remaining 33 articles were assessed for eligibility via full-text screening. Twenty-nine articles were further excluded because they are reviews (n = 14) or not about the SNPs in HSP70 genes (n = 15). Finally, four articles [13] [14] [15] [16] on 5 independent studies were included in the quality assessment and meta-analysis. Therefore, a total of 633 cases with NIHL and 926 controls were included. Table 2 summarized the basic information, including the NOS scores of the 5 eligible studies. Table 3 presents the genotype distribution of SNPs in HSP70 genes in the 5 eligible studies.
The association between SNPs in HSP70 genes and NIHL susceptibility
We selected five SNPs (rs1061581, rs1043618, rs2227956, rs2075800 and rs2763979) in HSP70 genes for the meta-analysis. Five genetic models were used for the genotype comparison. For SNP rs1061581, two studies on Caucasian populations and one study on Asian populations containing 301 cases and 315 controls were included. The pooled ORs and 95% CIs were 1.32 (1.06-1.67, p = 0.019), 1.93 (1.10-3.36, p = 0.021) and 1.455 (1.408-2.019, p = 0.025) in the allele, homozygous and dominant model, respectively (Fig 2 and Table 4 ). These results indicated that there is a close association between the SNP rs1061581 in the HSPA1B gene and NIHL susceptibility. (Table 4 and S1 Fig) . For rs1043618, rs2763979 and rs2075800, no significant association was found between the SNPs and NIHL susceptibility in any of the five genetic models for the Asian and the Caucasian populations, respectively, or across the ethnicity. The details of the overall analysis of the association of the five SNPs in HSP70 genes and NIHL susceptibility are listed in Table 4 .
Sensitivity analysis
We estimated the stability of the pooled ORs of the SNPs (rs1043618, rs1061581 and rs2227956) by eliminating each of the included studies in turn. For the three SNPs mentioned above, no significant alteration of the pooled ORs was found as any of the included studies was omitted ( S2 Fig). These results indicate that the corresponding ORs were relatively robust. For rs2075800 and 2763979, we did not perform the sensitivity analysis because of the limited number of included studies.
Publication bias
The funnel plots looked symmetric for three SNPs (rs1043618, rs1061581 and rs2227956) in all five genetic models. We did not test the publication bias for rs2075800 and rs2763979 because of the limited number of included studies. Additionally, we did not found any publication bias via Egger's test (S1 Table) .
Discussion
NIHL affects the life quality of millions of people worldwide [17, 18] , especially industrial workers [14] . What cannot be ignored is that the genetic background has a close association with the individual NIHL susceptibility. Therefore, it is essential to identify more genetic markers that can predict individual NIHL susceptibility potentially. The abnormity of HSP70 have been demonstrated to be related to many diseases, such as obesity [19] , congenital sideroblastic anemia [20] , coronary artery disease [21] and age-related cataract [22] . In the research field of NIHL, two studies both suggested an important role of HSP70 in the resistance to NIHL [12, 23] . Moreover, the participation of HSP70 in the alleviation effect of dexamethasone on NIHL was also indicated [24] . In addition, several SNPs in HSP70 genes are further considered relating to NIHL susceptibility, but the results are inconsistent [13] [14] [15] [16] . Therefore, to comprehensively and reliably understand the association between SNPs in HSP70 genes and NIHL susceptibility, we performed this meta-analysis that includes larger samples of 633 cases with NIHL and 926 controls. A significant relationship was seen between rs1061581 and NIHL susceptibility (Table 4  and Fig 2) , which indicated that the G allele is a potential risk factor to NIHL susceptibility. Rs1061581 has been considered a major and synonymous SNP in HSPA1B gene, which is located at chromosome 6p21.3. Its protein product, HSP-2, is 641 amino acids in length and stress-inducible [25] . However, the way in which rs1061581 variant affected the HSP-2 protein remains unclear, which needs to be further explored. The association of rs2227956 with NIHL is statistically significant only in the Caucasian population (Table 4 and S1 Fig) . This phenomenon is mostly due to the heterogeneity in the genetic background of different ethnicities. Rs2227956 in HSPA1A is also located at chromosome 6p21.3. A variation from A to G changes methionine to threonine resulting in the 3D structure alteration of HSP-1, which may affects its function as a molecular chaperone [25] . We found no association between rs1043618, rs2763979 and rs2075800 and NIHL susceptibility. Heterogeneity is a major problem that affects the reliability of the pooled ORs in metaanalysis. In our meta-analysis, mild to moderate heterogeneity was observed in most SNPs (Table 4 ). The heterogeneity in our meta-analysis could be explained by the following features.
(1) Individuals from different ethnicities have diverse genetic background, such as different LD patterns and different minor allele frequency (MAF) of these SNPs among the population (S2 Table) . (2) The diagnostic criteria of hearing loss or NIHL susceptibility in different studies are not in full accord. For example, the frequency in which hearing thresholds were examined differs from study to study. Although the diagnostic criteria in each study were well-founded, there was heterogeneity from these differences. ( 3) The quality of the included studies is diverse. We used the NOS scale to evaluate the quality of these studies and found the quality of the included studies varied (Table 2) , which may be a potential source of heterogeneity. There are several limitations in this meta-analysis. (1) We only searched the articles published in English and Chinese. The articles in other languages were not included in this metaanalysis, which may increase the publication bias. (2) The number of included studies is relatively low. For rs2075800 and rs2763979, only two studies were included in this meta-analysis. Their funnel plots were very asymmetric, which indicated there is significant publication bias. (3) The sample size in some included studies was relatively small, which may increase the heterogeneity. Although 633 cases and 926 controls are included in this meta-analysis, the conclusion must be updated further by including larger sample reports.
To the best of our knowledge, this is the first meta-analysis on the association between the SNPs in HSP70 genes and NIHL susceptibility. Our results indicated that the allele G in rs1061581 and rs2227956 (only in Caucasians) may serve as genetic susceptibility factors for NIHL. However, more studies with larger sample sets from different ethnicities are needed to further confirm the relationship between HSP70 polymorphisms and NIHL susceptibility due to the limitations in this meta-analysis. 
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